The direct factor Xa inhibitor rivaroxaban was the first within the group of orally available direct factor Xa inhibitors to gain clinical approval for oral anticoagulation in patients with nonvalvular atrial fibrillation in 2011. The -xabans, as drugs from the group of oral direct factor Xa inhibitors are often referred to, comprise currently three drugs (apixaban, edoxaban, and rivaroxaban) with clinical approval for a variety of clinical indications that require oral anticoagulation therapy. The number of patients with nonvalvular atrial fibrillation requiring long-term oral anticoagulation therapy for the prevention of stroke and systemic embolism is predicted to increase up to five times by 2050. Many of these patients will be within the elderly and aging population that is at a higher risk of stroke and also at a higher risk for bleeding events. This requires novel options for efficient and safe oral anticoagulation, and rivaroxaban is one of the novel oral anticoagulants that have been shown to be at least as effective as vitamin K antagonists in patients with nonvalvular atrial fibrillation. Furthermore, like all of the novel oral anticoagulants, rivaroxaban provides a significant reduction in intracerebral hemorrhage compared with vitamin K antagonists such as warfarin. The clinical utility of oral anticoagulation with rivaroxaban in patients with nonvalvular atrial fibrillation is discussed here, along with special patient considerations, including impaired renal function, switching from a vitamin K antagonist, and patients with concomitant acute coronary syndrome.
Factor Xa and factor Va are components of the prothrombinase complex, which catalyzes the generation of thrombin. Formation of the prothrombinase complex regulates thrombin production and is therefore a key component of the coagulation system. 7 Further, recent evidence indicates that factor Xa itself has an activating effect on factor V and thereby facilitates assembly of the prothrombinase complex. 8 Given the critical role of factor Xa in the coagulation cascade, it does appear as an ideal target for anticoagulant drugs. The successful clinical development of parenteral indirect factor Xa inhibitors, such as the low molecular weight heparins and fondaparinux, endorsed the concept of developing direct factor Xa inhibitors as anticoagulant drugs.
The recent clinical breakthrough in the development of synthetic direct and specific factor Xa inhibitors as novel oral anticoagulants as a substitute for vitamin K antagonists is the result of an intensive and long-lasting (at least 20 years) development period that started with the discovery of DX-9065a (Daiichi Sankyo Inc., Tokyo, Japan), a synthetic direct orally available factor Xa inhibitor. 8 Due to its low oral bioavailability, further clinical development of DX-9065a initially focused on parenteral application. [9] [10] [11] Nearly a decade later, the clinical research turned back into developing DX-9065a as an orally available novel anticoagulant drug by replacing an amidine moiety in DX-9065a to improve oral bioavailability, thereby generating the new compound DU-176b. 12 This compound is now known as edoxaban (Lixiana ® ; Daiichi Sankyo Co., Ltd, Tokyo, Japan), and has successfully completed major Phase III clinical trials in thromboembolism 13 and atrial fibrillation. 14 However, in the meantime, a synthetic direct and orally available novel factor Xa inhibitor (BAY 59-7939) was discovered. 15 This compound was later named rivaroxaban (Xarelto ® ; Janssen Pharmaceuticals, Inc., Titusville, NJ, USA) and rapidly proceeded to successful clinical development into the first oral direct factor Xa inhibitor with clinical approval in 2008. 
Pharmacology of rivaroxaban
Rivaroxaban is a small-molecule direct factor Xa inhibitor with high oral bioavailability. Compared with other serine proteases, the affinity of rivaroxaban for factor Xa is .10,000 times higher, thereby guaranteeing potent inhibition of generation of thrombin from prothrombin, which is mediated downstream of factor X activation by the prothrombinase complex. 16 After oral intake, rivaroxaban reaches peak plasma concentrations within 3-4 hours. Elimination of rivaroxaban follows a dual mode, ie, two thirds of the drug is metabolized by the liver and one third is eliminated unchanged by the kidney. This leads to a mean terminal half-life for rivaroxaban of 7-11 hours. 16 
Anticoagulation with rivaroxaban in patients with atrial fibrillation
Rivaroxaban was the first direct oral factor Xa inhibitor to gain clinical approval for prevention of stroke and systemic embolism in patients with nonvalvular atrial fibrillation in 2011, and the second novel oral anticoagulant that gained approval in this indication (the first novel oral anticoagulant with clinical approval in patients with nonvalvular atrial fibrillation being the oral direct thrombin inhibitor dabigatran etexilate, approved in 2010).
The major clinical trial leading to the approval of rivaroxaban in atrial fibrillation was the multicenter, randomized, double-blind, double-dummy, event-driven ROCKET AF (The Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation). 17 In ROCKET AF, a total of 14,264 patients with nonvalvular atrial fibrillation and a moderate to high risk of stroke were randomized to oral rivaroxaban 20 mg once daily (15 mg once daily in patients with creatinine clearance of 30-49 mL per minute) or to dose-adjusted warfarin. The International Normalized Ratio (INR) target in the warfarin group was 2.0-3.0, and mock INR values were generated in the group of patients receiving rivaroxaban. The mean CHADS 2 score of all patients randomized in ROCKET AF was 3.5 and the median time for INR values within the therapeutic range (INR 2.0-3.0) was 58%. 17 The primary efficacy endpoint was the composite of ischemic or hemorrhagic stroke and systemic embolism. The primary safety endpoint was the composite of major and nonmajor clinically relevant bleeding. Major bleeding was defined as clinically overt bleeding associated with a drop in hemoglobin of at least 2 g/dL, or transfusion of two or more units of packed red blood cells or whole blood, or bleeding at a critical site such as intracranial, intraspinal, intraocular, pericardial, intra-articular, intramuscular with compartment syndrome, retroperitoneal, or a fatal outcome.
In the per-protocol population, the primary endpoint occurred in 1.7% of patients per year in the rivaroxabantreated group and in 2.2% per year in the warfarin-treated group (P,0.001 for noninferiority of rivaroxaban). In the as-treated safety population, the primary endpoint occurred at a similar rate (P=0.01 for superiority). 17 The primary safety endpoint of major and clinically relevant nonmajor bleeding 
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Rivaroxaban for stroke prevention in nonvalvular AF occurred in 14.9% per year of the rivaroxaban-treated patients and 14.5% of the warfarin-treated patients (P=0.44). Major bleeding occurred at a rate of 3.6% in rivaroxaban-treated patients and 3.4% in warfarin-treated patients (P=0.58). While major bleeding from a gastrointestinal site was more common in rivaroxaban-treated patients (3.2% versus 2.2% in warfarin-treated patients, P,0.001), there was a significant reduction in intracranial hemorrhage on rivaroxaban (0.5% versus 0.7% on warfarin, P=0.02).
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Reduced risk for intracranial bleeding
Intracranial bleeding is the most feared complication of chronic oral anticoagulation. In the decades when oral anticoagulation was restricted to vitamin K antagonists only, the risk was estimated to be as high as 1% per year, with approximately 60% of such events being fatal. 18 A common feature of all novel oral anticoagulants is that they significantly reduce the risk for intracranial hemorrhage, thereby providing a safer bleeding risk profile compared with vitamin K antagonists. [19] [20] [21] Data from large real-world registries on rivaroxaban in patients with atrial fibrillation will help to determine whether the favorable bleeding risk profile regarding intracranial hemorrhage that has been observed in the large randomized clinical trials translates in everyday clinical practice. At least one large registry of rivaroxaban in routine clinical practice is currently recruiting patients (NCT01947959). 22 In the ROCKET AF trial, intracranial hemorrhage occurred in only 0.5% per year in the rivaroxaban-treated patients and in 0.7% per year in the warfarin-treated patients (P=0.02). 17 In the smaller J-ROCKET AF trial in 1,280 Japanese patients with nonvalvular atrial fibrillation, less intracranial bleeding was also observed with rivaroxaban (five patients, 0.8%) compared with warfarin (ten patients, 1.6%), thereby supporting the transferability of the global ROCKET AF study results to the Japanese population. 23 
Patients with impaired renal function
Among patients with nonvalvular atrial fibrillation, those with impaired renal function do have a higher risk for stroke or systemic embolism, 24 and at the same time they are also at a higher risk for bleeding events according to the HAS-BLED score. 25 This underscores the need for safe and efficient oral anticoagulation in patients with nonvalvular atrial fibrillation and chronic kidney disease. In ROCKET AF, patients with reduced renal function (creatinine clearance 30-49 mL per minute) randomized to rivaroxaban received a reduced dose of 15 mg daily instead of 20 mg daily. 17 In a subgroup analysis of ROCKET AF in patients with reduced renal function (creatinine clearance 30-49 mL per minute), the primary endpoint of stroke or systemic embolism occurred in 2.32% of patients per year in the group treated with rivaroxaban 15 mg daily compared with 2.77% per year in the warfarin-treated group. 26 The primary safety endpoint of major or nonmajor clinically relevant bleeding was also similar between patients treated with rivaroxaban 15 mg daily and those treated with warfarin (17.82% versus 18.28% per year for the rivaroxaban-treated and warfarin-treated patients, respectively). In addition, fatal bleeding occurred less frequently with rivaroxaban 15 mg daily in patients with impaired renal function (creatinine clearance 30-49 mL per minute) compared with warfarin (0.28% versus 0.74% per year for rivaroxaban and warfarin, respectively, P=0.047).
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Current prescription information on rivaroxaban for nonvalvular atrial fibrillation recommends a 15 mg daily dose in patients with moderate impairment of renal function ( creatinine clearance 30-49 mL per minute). Further, rivaroxaban 15 mg daily should be used with caution in patients with a creatinine clearance of 15-29 mL per minute and should not be used in those with a creatinine clearance below 15 mL per minute. However, it remains to be determined whether a further reduction of rivaroxaban from 15 mg daily to 10 mg daily would preserve the benefit to risk profile in patients with nonvalvular atrial fibrillation and more severely impaired renal function of 15-29 mL per minute. Data from a small pharmacokinetic and pharmacodynamic study in volunteers suggest that patients with a creatinine clearance of 15-29 mL per minute receiving a 10 mg daily dose are exposed to similar plasma rivaroxaban concentrations as those exposed to a dose of 20 mg daily. 27 This needs to be further explored by future clinical studies with repeat doses of 10 mg daily rivaroxaban in patients with nonvalvular atrial fibrillation and more severely impaired renal function (creatinine clearance 15-29 mL per minute).
Switching patients on vitamin K antagonists to rivaroxaban
More than half of the randomized patients with nonvalvular atrial fibrillation (7, 897, 55 .4%) in the ROCKET AF trial were already on chronic oral anticoagulant therapy. These patients were identified if they had used vitamin K antagonists for at least 6 weeks at the time of screening for enrollment into ROCKET AF and were defined as "vitamin K antagonist-experienced." 17 A recent subgroup analysis from 
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Ahrens and Bode the ROCKET AF trial examined whether there are differences in clinical outcome between vitamin K antagonistexperienced and vitamin K antagonist-naïve patients who were randomized in ROCKET AF. In vitamin K antagonistexperienced patients who were randomized to rivaroxaban therapy, treatment with rivaroxaban was initiated when the INR value was below 3.0. Vitamin K antagonist-experienced patients had a trend for a generally lower rate of stroke and cardiovascular events than vitamin K antagonist-naïve patients. At the same time, rivaroxaban reduced the rate of hemorrhagic stroke regardless of whether the patients were vitamin K antagonist-experienced or vitamin K antagonistnaïve. 28 There were more bleeding events with rivaroxaban in vitamin K antagonist-experienced patients within the first 7 days of initiation of the study drug. However, after 30 days, there was no difference in bleeding rates between rivaroxaban and warfarin in vitamin K antagonist-experienced patients and there were fewer bleeding events with rivaroxaban in vitamin K antagonist-naïve patients. 28 Therefore, it appears to be a safe clinical strategy to switch a vitamin K antagonistexperienced patient with nonvalvular atrial fibrillation from a vitamin K antagonist to rivaroxaban. However, the patient's individual clinical situation and economic considerations also have to be taken into account when a decision to switch a vitamin K antagonist-experienced patient with nonvalvular atrial fibrillation to rivaroxaban therapy is made.
Vitamin K antagonist-naïve patients with nonvalvular atrial fibrillation appear to have fewer bleeding complications when they are initiated on rivaroxaban therapy. 28 Further, the reduced rate of intracranial bleeds that was observed with rivaroxaban therapy in the ROCKET AF trial supports the initiation of rivaroxaban instead of a vitamin K antagonist in vitamin K antagonist-naïve patients with nonvalvular atrial fibrillation.
Atrial fibrillation and coronary artery disease
Among the 14,264 patients with nonvalvular atrial fibrillation enrolled in the ROCKET AF trial, there were 2,468 (17.3%) who had a prior myocardial infarction. This indicates a high prevalence of coronary artery disease in patients with atrial fibrillation and is supported by other clinical databases reporting a prevalence of coronary artery disease of 6.4% for all-comer patients with nonvalvular atrial fibrillation in the Japanese population. 29 In ROCKET AF, rivaroxabantreated patients with a prior myocardial infarction showed a nonsignificant reduction of ischemic cardiac events compared with warfarin-treated patients. The common clinical situation that (according to current concepts) requires both dual antiplatelet therapy and anticoagulation arises if patients with atrial fibrillation requiring chronic oral anticoagulation are undergoing percutaneous coronary intervention with stent implantation. These patients have an increased risk for allcause mortality, ischemic stroke, and intracranial bleeding. 30 There is currently only one published study available, ie, WOEST (What is the Optimal antiplatElet and anticoagulant therapy in patients with oral anticoagulation and coronary StenTing) that addressed the challenging clinical situation of patients on chronic oral anticoagulation undergoing percutaneous coronary intervention. In this study, 573 patients were randomized to either aspirin + clopidogrel + a vitamin K antagonist (triple therapy) or to clopidogrel + a vitamin K antagonist (dual therapy). The rates of major and minor bleeding events were doubled in the triple therapy group compared with the dual therapy group (31.3% versus 14% for triple therapy versus dual therapy respectively, P,0.001) while at the same time there were no significant differences in thrombotic events between triple therapy and dual therapy in this trial. 31 However, only one quarter of patients randomized in the WOEST trial was presenting with an acute coronary syndrome, which has important clinical implications because patients with acute coronary syndromes are more likely to have thrombotic events following percutaneous coronary intervention than patients with stable coronary artery disease.
Thinking about possible future antithrombotic strategies in patients with atrial fibrillation and acute coronary syndromes, it is important to discuss the recently published ATLAS ACS 2 TIMI 51 (Anti-Xa Therapy to Lower Cardiovascular Events in Addition to Standard Therapy in Subjects With Acute Coronary Syndrome ACS 2-Thrombolysis In Myocardial Infarction 51) trial. This trial examined whether addition of low dose rivaroxaban 2.5 mg or 5 mg twice daily to standard dual antiplatelet therapy (aspirin + clopidogrel or ticlopidine) was superior to standard dual antiplatelet therapy alone in patients with a recent acute coronary syndrome (noting that these patients did not suffer from atrial fibrillation). In ATLAS ACS 2 TIMI 51, addition of rivaroxaban 2.5 mg twice daily significantly reduced cardiovascular and allcause death (2.7% versus 4.1% and 2.9% versus 4.5% in the rivaroxaban-treated and placebo-treated patients respectively, both P=0.002). 32 On the other hand, it did increase the risk of TIMI major bleeding and intracranial hemorrhage (1.8% versus 0.6%, P,0.001, and 0.4% versus 0.2%, P=0.04, for rivaroxaban-treated and placebo-treated patients, respectively). Importantly, addition of rivaroxaban did not increase 
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Rivaroxaban for stroke prevention in nonvalvular AF the rate of fatal bleeding (0.1% versus 0.2%, P=0.45 for rivaroxaban versus placebo respectively). 32 Based on the results of the ATLAS ACS 2 TIMI 51 clinical trial and subgroup analysis of patients from the ROCKET AF trial with prior myocardial infarction and the clinical data from the WOEST trial, it appears to be a reasonable approach to investigate whether a combination of dual antiplatelet therapy (aspirin + a P2Y12 receptor antagonist) + low dose rivaroxaban (2.5 mg twice daily) or single antiplatelet therapy (P2Y12 receptor antagonist) + reduced dose rivaroxaban (15 mg once daily) is superior to the current standard triple therapy of aspirin + a P2Y12 inhibitor + a vitamin K antagonist. This is currently being 
Summary and recommendations
The novel oral anticoagulants are generally associated with a significantly reduced risk for intracranial hemorrhage compared with warfarin. This is especially important in patients with newly diagnosed nonvalvular atrial fibrillation who require chronic oral anticoagulation for prevention of stroke and systemic embolism. Among the direct oral factor Xa inhibitors, rivaroxaban was the first compound that gained clinical approval in 2011 for stroke prevention in nonvalvular atrial fibrillation based on the results of ROCKET AF, a landmark clinical trial in 14,264 patients with nonvalvular atrial fibrillation. Currently unsolved challenges in daily clinical practice include the optimal treatment and dosing of novel oral anticoagulants in patients with severely impaired renal function and concomitant anticoagulation therapy in patients with atrial fibrillation and acute coronary syndromes that require dual antiplatelet therapy. In summary:
• rivaroxaban is used at a single daily dose of 20 
